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TenHUbiH B.E., CTOHHOB Y., BAOBHH A.M. P4 - 8922 

CmrH-op6HTarrbHbie Kone6aHH5! c!flepiPieCK!!X Hllep 

l1ccneaoBaHbi oaHo¢loHOHHbie 0 + -cocTOHHH5! B 5!Jlpax Zr H Mo. 

CTpyKTypa cocroHHHil paCC'IHTbiBanacb c yqeToM crrapHBarerrbHoro B3aHMO­

aeilcTBH5! B KaHane 'laCTHUa-'!aCTHUa H CITHH-op6HTanbHOrO B3aHMOAeilcTBH5! 

B KaHane 'laCTHUa-nbipKa. CrrHH-op6HTanbHbie CHnbi B35!Tbi B He!flaKTOpH30-

BaHHOM BHAe. 8 6onbW~HCTBe cnyqaeB COCT05!HH5! OKa3anHCb CHnbHO KOn­

neKTHBHbiMH, rrepBOe 0 -COCT05!HHe IT05!BIT5leTC5! HH~e 9HepreTH'!eCKOil 

WenH. PaCC'!HTaHbl OTHOCHTenbHbie CITeKTpOCKOITH'!eCKHe !flaKTOpbi (p. t) 
H (t, p) peaKuHil, Bepo51THOCTH EO -rrepexoaoB. 

fipenpHHT 06"beAHHeHHOrO HHCTHTyTa .HAepHbiX HCCJieAOBaHHK 

,l(y6Ha 1975 

Telitzin V.B., Stoyanov Ch., Vdovin A.I. P4 - 8922 
Spin-Orbital Vibrations of Spherical !Juclei 

One-phonon o+ states of Zr and Mo nuclei have been 
studied. The state structure has been calculated taking 
into account the coupling interaction in the particle-par­
ticle channel and spin-orbital interaction in the particle 
hole channel. The spin-orbital forces are taken in a non­
factorized form. In most cases the states turned out to be 
strongly collective; the first ~ state appears lower the 
energy gap. The relative spectroscopical factors of (p,t) 
and (t,p) reactions have been calculated as well as the EO­
transition probabilities. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. BeeoeHue 

HccneJJ.OBaHHLIC JJ.O nocneJJ.HCrO BpCMCHH B MHKpOCKODH· 

'ICCKHX MOJJ.CnJIX MCXaHH3MLI reHepaiJ;HH OJJ.HOI!JOHOHHbiX 0+ • 

COCTO~HHB ci!JepH'ICCKHX ~JJ.ep OCHOBaHbl Ha HCDOnb30BaHHH 

B3aHMOJJ.eicTBH~ B KaHane qacTau;a-qacTau;a. llepBOHaqanbHO 

B COOTBCTCTBHH C HJJ.CCB liopa H MOTTenbCOHa/l/ HCCneJJ.O· 

BanHCb COCTO~HH~, reHepapyeMhiC cnapHBaTenbHbiM B3aH­

MOJJ.CBCTBHeM. llepBble pacqeTbl CBOBCTB TaKHX Ot·ypOBHeB 

IHa3BaHHbiX napHbiMH BH6paiJ;H~MHI B OpH6nH)I(eJ:!'H XaOTH­

qecKHX ;a3 (aPA) 6blnH BbiDOnHCHbl B pa6oTe' ' . 3aTeM 

lien~es 3 1 yKa3an Ha Ba)I(Hyto ponb T -He'leTHOB qacTH 

OCTaTO'IHOrO qacTH'IHO·'IaCTH'IHOrO B3aHMOJJ.eBCTBHB, KOTO· 

paB TepBnaCb npH HCDOnb30BaHHH CHn liKlll. PacqeTbl DO 

TeOpHH KOHC'IHbiX I!JepMH- CHCTCM /
4

/ TaK)I(C DOKa3anH, 'ITO 

OCHOBHYIO ponb B I!JopMHpOBaHHH 0+ • COCTOBHHB ci!JepuqecKHX 

BJJ.ep HrpaeT B3aHMOJJ.eHCTBHe 'laCTHIJ;a·qacTHIJ;a. qHCJJeH­

Hble pe3ynbTaTbl BCeX YDOMHHaBIUHXCB pacqeTOBJJ.eMOHCTpH­

pyiOT nHIUb caMoe rpy6oe onacaHae ceroJJ.HBIUHei 3Kcnepu­

MCHTanbuoi CHTyau;au. 3To He YJJ.HBHTenbuo. Bo-nepBhlx, 

CBOBCTBa 0+-COCTOBHHB, DO·BkJJ.HMOMy, CHnbHOHCKa)l(aiOTCB 

aurapMOHH'IeCKHMH nonpaBKaMH, B3aHMOJJ.eHCTBHeM C JJ.py­

rHMH cTeneHBMH cso6oJJ.bl BJJ.pa I CM., uanpaMep, I 5/ I. 
Bo-BTOphlx, ue Meuee cyiiJ;eCTBeHHhiM MO)I(eT oKa3aTbCB 

BnHBHHC He HCCneJJ.OBaHHbiX ell{e JJ.eTanbHO JJ.pyrHX KOMOO· 

HeHT OCTaTO'IHbiX CHJJ, B qaCTHOCTH, CDHH·op6HTanbHOrO 

(l's) B3aHMOJJ.eBCTBH~ "s KaHane qacTHIJ;a•JJ.LipKa. 3TO B3aHMO· 

JJ.eicTBHe CBB3hlsaeT cnau-op6HTanbHYIO qacTb o6onoqeqHo­

ro DOTeHIJ;Hana C DnOTHOCTbiO HyKnOHOB Ha DOBCpXHOCTH 

~JJ.pa H MO)I(eT DpHBeCTH K HX COBMeCTHbiM KOne6aHH~M. 

B pa6oTe 
161 

OCTaTO'IHOe es -s3aHMOJJ.CBCTBHe 6hlnO ac­

nonb30BaHO DpH aHanH3e B03MO)I(HOCTH Cyll{eCTBOBaHH~ B 
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cl!>epHqecKHX .IIApax HOBOH BeTBH o+ -so36y)I()J.eHHii. OcHOBbi­

BaJICb Ha KBa3HKnaccHqecKHX paccy)I()J.eHHJIX, aBTOpbl pa-

60Tbl / 6 / npH6nH:>KeHHO li>aKTOpH30BanH MaTpHqHbJe 3neMeHTbl 

3TOrO B3aHMOAeHCTBHJI H llOKa3anH, qTO npH TaKOM ycnOBHH 

noJIBmnoTcJI KonneKTHBHwe 0 +-ypoBHH HH:>Ke 2 ~. PacqeTw 

C l!>aKTOpH30BaHHbiM B3aHJ19AeHCTBHeM 6blnH llpOAenaHbl B 

Ael!>opMHpOBaHHbiX .IIApax 
71 

/rAe TOnbKO TaK H MO:>KHO 

npeoAoneTb swqacnurenbHble cno:>KHOCTH/. OAUaKo I!>HJH­

qecKaJI CHTyau;H.II An.ll Ael!>opMHpOBaHHbiX JIAep 3aMeTHO 

cno:>KHee, qeM An.ll cl!>epaqecKHX, T .K. 3AeCb B l!>opMHpOBaHHH 

CTPYKTypw OAHOI!>OHOHHbiX o+ -so36y)I()J.eHHH npHHHMaiOT 

yqaCTHe eiD;e H APYrHe KOMllOHeHTbl OCTaTOqHbJX CHn/S/ /B 

TOM qacne H qacTHqHO-AblpoqHwe/. llo3TOMY BllOnHe OAH0-

3HaqHO BbiAenHTb BnHJIHHe HX napaMeTpH3aD;HH Ha pe3ynb­

TaT AOBOnbHO 3aTPYAHHTenbHO. 

~aKTOPHJau;HJI fs -can - oqeHb rpy6oe npa6nH:>KeHHe, 

H eAHHCTBeHHblH CllOC06 llpO.IICHHTb HX ponb B l!>opMHpOBa­

HHH KOnneKTHBHblX KOne6aHHH - 3TO llp.IIMble KOnHqecTBeH­

Hble pacqeTbl, KOTOpble B OCHOBHOM H COCTaBnJIIOT npeAMeT 

AaHHoii pa6oTbl. HMeJI B BHAY BbiAeneHHe 34xlleKTOB, csJI-

3aHHblX HMeHHO C £s -sJaHMOAeHCTBHeM, Mbl flO Mepe B03-

MO:>KHOCTH ynpOCTHnH pacqeTHyiO CXeMy, llOCKOnbKY TaKHe 

ynpoiD;eHHJI He cKaJwsanHcb Ha KaqecTBeHHbiX peJynbTaTax. 

llo TOH :>Ke npHqHHe Mbl He CTpeMHnHCb AOCTHqb AeTanbHOro 

COrnaCHJI C 3KCnepHMeHTOM. 

2. 0CH06Hble (JopMyAbl 

Bo36Y:>KAeHHwe cocTOJIHHJI JIAep c pa3BHTWM cnapasa-

HHeM B npa6na:>KeHHJIX 3KBHBaneHTHbiX RPA onacwsarorcJI 
v u z<±> 

CHCTeMOH ABYX HHTerpanbHblX ypaBHeHHH An.ll BenaqHH 

KOTOpble CBJI3aHbl C OAHOqacTHqHOH Ma TpHu;eii nnoTHOCTH 

B cna6oM, JaBHCJIID;eM oT speMeHH BHewHeM none/
9

/ 

w Z <+>(11 ')+E :t±J (11' )+ 1J <±>, I < 12' i G (±l\21 '> .,.,<±>z<±> (22 ')+ 
II II 

22
, 22' 

(+) - - (-f-)' (+) (+) 
+ I; -' l < 11 ' I G I 2 '2 >I; - z - = ci>- ( 11 ') . 

II 22 ' ' 22' 22 ' 
/2.1/ 

4 

. (+) 
3Aecb G -- T -qeTHoe H T -HeqeTHoe BJaHMOAeiicTBHe B 

KaHane qacrau;a- AWpKa; G - BJaHMOAeiicrsae B KaHane 

qacTau;a- qacTau;a. HcnonbJOBanacb cneAyJOID;He o6o3Haqe­

HHJI: 

rAe 

E ,=E + E , , 
vv v v 

2 2 
E =y(f -11) +~ 

v v v 

- OAHOKBaJHqacTHqHaJI 3HeprH.IIj f v - OAHOqaCTHqHaJI 3Hep­

rHJI, 11 - XHMHqecKHii noTeHu;Han; ~v - napaMeTp cnapasa­

HHJI, 

( ±) ( ±) i;, ,=U U ,:tV V ,, 1J ,.=UV,±V U, 
v v v v vv v v v v l'll 

rAe u 
11

, vv - Ko3cWJHu;HeHTbl npeo6pa3oBaHHJI lioronro6osa. 

llpasa.11 qacTb ypaBHeHHJI /2.1/ 

!jl(+) (11')= ±( (±).v(±) (ll')_t:(±) v(±) (11')) 
7]11' "'11' 

/2.2/ 

CBJI3aHa c BHeWHHM noneM ca(toro o6mero BHAa, KaK coxpa­

HJIJOID;ero qacno qacrau; - V ± l , TaK H MeHJIJOID;ero ero Ha 

ABe eAHHHD;bl - v<±) /3HaKH "+" H "-" 03HaqaroT T-qer­

HOCTb/. fioCKOnbKY B AanbHeaweM Mbl 6yAeM HHTepecoBaTb­

CJI EO -nepexoAaMH H ceqeHHJIMH ( t , p) H (p ,t) peaKu;Hii, 

npHBeAeM He06XOAHMble An.ll BbJqHcneHHJI BepO.IITHOCTeii ne­

peXOAOB KOMllOHeHTbl BHeWHero llOnJI. 

,ll;n.11 E 0 -nepexoAOB B cany nono:>KHTenbHOH T-qeTHOCTH 

H COXpaHeHH.II qHcna qaCTHD; OTnHqHbJ OT Hyn.ll TOnbKO 

MaTpHqHbJe 3neMeHTbl 

( I) 2 
V ( v v ' ) =<vIe ..rr r I v '/ . /2.3/ 

3cWJeKTHBHblH Jap.IIA e eff BBOAHTCJI An.ll yqeTa nepeHop­

MHpOBKH, Bbl3BaHHOB o6pe3aHHeM CHCTeMbl ypaBHeHHH /2.1/ 
B npocTpaHCTBe OAHoqacTaqHblX HHAeKcos. Ecna npHHJITb 

B paCCMOTpeHHe AOCTaToqHO MHOrO OAHoqaCTHqHblX co­

CTOJIHHH, 3cWJeKTHBHbiH Jap.IIA npaKTHqeCKH COBllaAaeT C Ja-
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TpaBO'IHWN, paBHWN e ,AnJI npOTOHOB H HyJIJO ,AJIJI HeiiTpo­

HOB. 

~nJI Ka'leCTBeHHWX OUeHOK onepaTop nepe,Aa'IH .ABYX 

He:iiTpOHOB B peaJmHH ( p, t) HJIH ( t , p) MO)I(JIO BW6pa TL, 

3a,AaBaJI HeiiTpOHHWe KONnOHeHTW BHeWHero nonJI: 

,-(+) , +·-(-) ') <;> (t,p) 
V (vv ) = - V (vv '-Uvv' /.AnJI -peaKUHH/. /2.4/ 

(p ,t) 

Peweuue ypaaueuuii /2.1/ NOlKeT 6wTL 3anucauo B au-

.Ae 

(±} (±) 
Z (vv' )= +! Z 

"( (+) (+) 
(vv ') Z a <I> ) - (z<;> <1> <-) w a 

a (Z (-) z (+) 
a a ) 

w 2 -w 2 '/2.5/ 
a 

a 

(+) 
r,Ae Z;; - C06CTBCHHLie BCKTOpa CBCTCMLI /2.1/ 6e3 npaBOB 

'laCTB, COOTBCTCTByro~e C06CTBCHBLIM 3HR'IeHHJIM Wa 

CKanJipHLie npOH3Be,AeHHJI onpe,AenJIJOTCJI KaK CYNMLI no 

O,AHO'IaCTB'IHLIM COCTOJIHHJIM, HanpHMep, 

(Z~-)z ~+))= I, z<-> (vv' )Z(+) ( vv'). 
vv 

lloJIJOca awpalKeHHJI /2.5/ onpe,AenJIJOT 3HeprHH B03-

6ylK,AeHHWX COCTOJIHHB, a BLI'IeT..,LI CBJI3aHW C BepOJITHOCTJI­

MH nepexo,Aa so auewuew none 'V': 

.... I ( <+> <+> < l 
I(OI'VIwa )1 2 = Za<I>a)-(Z;<I><~)I 2 

2 ( z<-z (+)) 
a a 

/2.6/ 

( +) 
CI>B3B'IeCKBB CWWCn BeKTOpOB Z a- CTaHOBHTC.I. npo-

3pa'IHLIM, ecJIH npe,AnOnOlKHTL, 'ITO ,AaHHOe COCTOJIHHe BMeeT 

KOJIJieKTBBHyw npHpO,Ay B nopolK,AaeTCJI H3 OCHOBHOrO co­

CTOJIHHJI HeKOTOpWM 6o3e-onepaTOpOM /O.AHOWOHOHHO~ co­

CTOJIHBe/ 
+ 

I w a > = Q a I 0 ·> · 
(±) 

B 3TOM cnyqae uopwuposaHuwe WYHKUHH Z a HMeJOT 

cMwcn K03WWBUHeHTOB pa3nolKeHHJI wououa no KBa3B'IaCTH'I­

HLIM onepaTopaM a B a+, a BMeHHO: 

6 

" 

.. 

Q+= _·_1 
a -2vi-1Z(+1 

a a 

~IZ(+)(vv')(a~a+,-a a_,)+Z(-)(vv')x 
vv'a vv Vl7 a 

/2.7/ 

+ + x(a-a ,+a a-, 
v v v v 

) I . 

Bee npuae,Aeuuwe awwe cllopwynw npuro,AHW ,AnJI pacqe­

TOB B o6naCTH KaK CWCPH'ICCKHX, TaK H ,AeWOPNHpOBaHHWX 

JI,Aep. B cnyqae cwepH'IeCKHX JI,Aep BO acex BWpalKeHHJIX 

NOlKHO npoaeCTH JIBHO CYNNHpOBaHHe no npoeKUHJIM O,AHO­

'IaCTH'IHWX MONeHTOB, TaK KaK 38BHCHMOCTL OT HHX onpe­

,AenJieTCJI COOTBeTCTByro~HMH K03WWHUHeHTaMH Kne6wa­

rop,AOHa. TaK, ,AnJI B036ylK,AeHHii c J 7T = o+ 
Z <±> < , ) <;> z<±l ( ,. o ) 1 2 · 1 vv = o .. , o , u00 , nn J r y J + . 

a JJ mm rr a 
BH.A wopMyn npu 3TOM ue MeHJieTCJI, ecnu ace MaTpH'I.IJWe 

3neMeHTLI 3aMCHHTL Ha npBBC,AeHHLIC. 

3. Br.r6op OCIIOIIO'IHbiX 630UMOOerkll6UU 

B KaHane 'laCTBna-qacTBUa MLI orpaHH'IBnBCL BKnJOqe­

HBeM 06LI'IHOrO cnapBBa TenLHOrO B3aBMO,AeBCTBBJI: 

- - G < 11 , I G I 22 . > = - - 0 0 . 
2 I I ' 22 ' /3.1/ 

TeM caMwM MLI He paccMaTpBaaeM anHJIHBe Ha CTPYKTYPY 

o+- YPOBHeii T - He'leTHOH 'laCTB B3aBMO,AeiiCTBBJI B 3TOM 

KaHane. 

Cy~eCTBeHHLIM MOMeHTOM JIBnJieTCJI BBe,AeHBe CnBH­

op6BTanLHOrO ( fs) B3aBMO,AeHCTBBJI B KaHane 'laCTBUa­

,ALipKa, KOTopoe a npu6nBlKeHBB Hyneaoro pa,AHyca MOlKHO 

3anBCaTL B BB,Ae 

TT 

Ges (1,2) = k (a-. +a 
I 2 

) X ( p->1 -p )· Vo(; -r
4 

). /3.2/ 
2 l 2 

TT 
rpy6o OUeHBTL KOHCTaHTLI K MOlKHO B3 ycnOBHJI corna-

COBaHBJI cnBH- op6BTanLHOH 'laCTB o6ono'le'IHOrO noTeH­

nuana. HanpuMep, .AJIJI HeiiTpOHOB: 
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o U £~n) = ( K nn li + K np z.) 1.. dp (r) (a f ). 
A A r dr 

/3.3/ 

AHanorHqHoe ypaBHeHHe Hy~o 3aDHCaTb an• CDHH-op6H­
TanbHOB qacTH npOTOHHOrO O,ZUIOqaCTHqHoro DOTeH:u;Hana. 
Ilo,u;cTaBHB B neBYJO qacTb /3.3/ o6IQenpuH•Twe 3HaqeHH• 
napaMeTpOB CDHH·op6HTanbHbiX DOTeH:u;HanOB, nonyqHM 

K nn= K PP,K 
5 

-:::. 55-7-70 M3B ti>M , 

np /3.4/ 
q = ~ :;: 3,5 7 4,5. 

K 

B pa6oTe1101 H3 ycnoau• cornacoaaHH• cnuH-op6HTanbHOro 
paciQenneHH• TOnbKO ..u;n• HeiTpOHHbiX ypoaHei 6wnu nony­
qeHw ,u;pyrue 3HaqeHu• K H q': 

K = 315 M3B· ti>M 5 , q = -0,5. /3.5/ 

3HaqeHH• K H q /3.4/ D03BOnJIIOT BOCDpOH3BeCTH 3KCDepH­
MeHTanbHble 3HaqeHu• cnuH-op6uTanLHoro paciQenneHu• B 
HeqeTHbiX •..u;pax c ToqHocTLIO 15-7-20~. Ha,u;o, o,u;HaKo, 
yqeCTb, qTo 3TO paCIQenneHHe CHnbHO HCKa)KeHO 3cWleKTaMH 
B3aHMO,AeBCTBH• KBa3HqacTHIJ; DO CpaBHeHHIO C que TO O,AHO­
qacTHqHwM 3HaqeHHeM. YqeT TaKHX nonpaBoK MO)KeT npu­
BeCTH K CHnbHOMY H3MeHeHIJIO BenHqHH K H q · IIOMHMO 
3TOrO, DpH OOpe,u;eneHHH K TT Mbl CqHTanH HX He 3aBHC.­
IQHMH OT N- Z. Oope,u;eneHHe KOHCTaHT £s - CHn DO CDHH­
op6HTanLHOMY paciQenneHHIO Ha TanKHBaeTc• eiQe Ha O.AHY 
TPY.AHOCTb. T .K. 3aBHCHMOCTb aenuqHHbl paciQenneHH• oT 

N-Z I -A-- cna6a•, a caMa aenuquHa (N-Z) A Mano MeH•eTc• 

npH nepexo,u;e OT O.AHHX nonyMaruqecKHX •..u;ep K ,u;pyrHM, 
Mbl, cTporo roaop•, MO)KeM rpy6o o:u;eHHTb numb 3HaqeHHe 
Knn+Knp 

EIQe o,u;Ha o:u;eHKa ..u;n• KOHCTaHT £s - cun nonyqaeTc•, 
ecnH ope,AOOnO)KHTb, qTO OTnHqHe KOHCTaHT K H K np HMe­

eT numb 3ap•..u;oao-o6MeHHbli xapaKTep: 

K "'170 -7-190 M3B ti>M 5, q ==0,5. /3.6/ 

8 

l 

! 

B raMHllbTOHHaH He BKnJOqeHbl :u;eHTpanbHble CHnbl, KOTOpble 
MOryT H3MeHHTb KOnHqecTBeHHYJO CTOpOHY HaWHX pe3ynb­
TaTOB. O..u;HaKo, KaK Mbl nonaraeM, npeHe6pera• 3THMH 
CHnaMH, Mbl He 3aTparHBaeM KaqecTBeHHOB CTOpOHbl ,u;ena, 
T .K. ,AHaroHanLHble MaTpuqHwe 3neMeHTbl :u;eHTpanLHoro 
B3aHMO,AeBCTBH. /a HMeHHO OHH Ba~bl an• HH3KOne)KaiQHX 
O~ypoauei/ cna6o ~nJOKTYHPYJOT H noToMy He MoryT pa­
.AHKanLHO H3MeHHTb KOnneKTHBHble COCTO.HH •• 

4. 06cyxoeHue pe3yAb•a•oa 

Mbl paccqHTanH CTpyKTypy HeCKOnbKHX HaH6onee HH3· 
KHX 0 + - cocTo•HHi B p•..u;e H30TODOB Zr H Mo, yquTblaa• 
CDapHBaTenbHOe H CDHH·op6HTanbHOe OCTaTOqHble B3aHMO· 
,u;eiCTBHB. IIOMHMO 3HeprHi COCTO.HHB, BblqHcn•nHCb OT· 
HOCHTenbHble CDeKTpOCKODHqecKHe ~KTOpbl ,u;n• (t, p) H 
(p,t ) peaK:u;Hi H aepo•THOCTH E 0 -nepexo,u;oa. B pacqeTe 
yqHTbiBanHCb 6 DpOTOHHbiX H 6 HeiTpOHHbiX O.AHOqaCTHq­
HbiX ypOBHei, 6nH)KaBWHX K XHMHqecKOMY DOTeH:u;Hany. 
IlapaMeTpw cpe..u;Hero non•, KOTopoe onucwaanocL ooTeH­
:u;uanoM CaKCOHa-By,u;ca, Bbi6HpanHCb B COOTBeTCTBHH C 
pa6oTaMul 11( KoHcTaHTbl cnapuaaTenLHoro B3aHMo..u;eicTBH• 
onpe,u;en•nHcb ..u;n• ,u;aHHoro o,u;HoqacTHqHoro cneKTpa no 
oapHbiM 3HeprH•M / 12/. ,[(n• BblqHcneHH. BepOSTHOCTei 
EO-nepexo,u;oa Heo6xo..u;HMO 3a..u;aTb aenuquHy 3cWleKTHBHoro 
3ap•..u;a. Ee MO~o onpe,u;enHTb H3 ,u;aHHblx no H30Tonu­
qecKoMy CMeiQeHHIO B OKOnOMaruqeCKHX •..u;pax /13/, H OHa 
OKa3biBaeTc• paBHOB 0,2 e ..u;n• HeiTpOHOB H 1,2 e ans 
DpOTOHOB. 

O:u;eHKH npe,u;w..u;YIQei qacTH eTa TbH noKa3wBaJOT, qTo 
KOHCTaHTbl K H q Henb 3., DO- BH.AHMOMY, ODpe,u;enHTb BDOnHe 
O.AH03HaqHo. II03TOMY pacqeTbl npOH3BO.AHnHCb an• pa3HbiX 
3HaqeHHB K H q, B qacTHOCTH, .An• TeX, qTo DpHBe,AeHbl 
B qaCTH 3 HaCTO.IQei • pa60Tbl. 

06paTHMc• K pe3ynbTaTaM pacqeToB. B •a6A. 1 awnu­
caHa CTpyKTypa nepBbiX .ABYX 0 +. COCTOBHHB B s,u;pe 94 Zr , 
KaKoi oHa nonyqaeTc• B KapTHHe qucTwx napHbiX Kone6a­
HHi, quCTbiX £s ·Kone6aHHB H B CMeWaHHOM cnyqae ans 
pa3HbiX 3HaqeHHB KOHCTaHT K H q. 3,u;eCb )Ke DpHBe,AeHbl 
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COOTBeY.CTB~~e 3Haqeus• 3HeprBB COCTO.HBI Wi • OTBO· 
csTen~uwx cDeKTpocxoDsqecxsx ~KTopoa peax~i AByx­
ueiTposuoi nepeAaqs S(p,t)/S 0 s S(t,p)/S

0 
, Bepo•T­

uocTei E 0-DepexoAOB p 2(EO). Haque:w: o6cy)I(Jlesse c qscTwx 
fs ·Kone6ausi. fiepaoe O+ ·cOCTO.HBe DOJIBJI.eTc• BeC~Ma 

HB3Ko, so ac•xo:w cnyqae 3a:W:eTuo BlOKe 2.1 1 a 94 Zr 
2.1 :: 2 M 3B/, OTnsqaeTc• 3HaqsTen~uoi aensqsuoi E 0 -De­
pexoAa s OTHOCBTen~uo ue6on~WB:w:s cDeKTpocxoDsqecxs:w:s 
~KTOpa:ws. B CTpylCTypy ero Kak HeBTpOHW, Tax B DpOTOBW 
AaJOT Dps:w:epuo OJIBBaKoawi axna.u.. Taxs:w: o6pa3o:w, oc­
uoauwe xaqecTaeuuwe awao.u.w pa6oTw/6/ DOATBep)I(.ZJ.aJOTc•. 

llps o.u.uoape:w:euuo:w: pacc:w:oTpeuss cDapsaaTem.soro 
s fs -a3as:w:oAeiicTas• /c:w:. •a6.11. 1/ :w:w Donyqae:w: 6onee 
cno>KB~ xapTsuy. llpe)I(.ZJ.e acero, 0~ -cocTo•sse cTauo­
BBTc• 6onee xonnexTsauw:w:, 6on~mee qscno o.u.uoqacTsquwx 
xoucllsrypansii .u.aeT TeDep~ axna.u. a ero CTpyxTypy. 3To 
caoiicTao coxpau•eTc• Dps acex 3Haqeus•x K s q, KOTopwe 
scDom.3oaansc~ a pacqeTax. Mano Toro, xonnexTsauw:w:s 
Oka3LIBaJOTC• He TOJibkO Depawe 0+ -ypOBHH, HO B CJie.ZJ,YJO· 
UUie, 6onee awcoxse. Heo6xo.u.s:w:o Do.u,qepxuyTI., qTo cTpyx­
Typa "c:w:emaHHWX" 0+ ·ypoauei CBJI~HO OTnsqaeTc• OT 
cTpyxTypw Dapuwx xone6ausa. rnaauw:w: 3Aec~ •BJI•eTc• 
DO.BJieuse B BOJIHOBWX cllYHKQB•x BCex 0+-COCTO.HBii Kak 
DpOTOHHWX, Tak B ueiTpOHiiLIX kOMDOHeHT /B KapTBHe Dap­
HhiX xone6ausa cocTo•us•, ecTecTaeuuo, DonyqaJOTc• ns6o 
qscTo DPOTouuw:w:s, ns6o qscTo ueiTpousw:ws/. B p•.u.e 
Cnyqaea BKJIAAW TeX B .u,pyrsx KO:W:DOHeHT B CTPYKTypy 
o+ ·B_036-ylKAeHBii DOJiyqaJOTc• DpB6nB3BTeJI~HO paBHWMB. 
CBJI~Hoe B3:w:eueuse CTPYKTypw BOJIHOBWX 41YHK~i o+ -
ypoauei, DPOB3Bo.u.s:w:oe fs - csna:ws, yxa3waaeT, qyo Dps 
pacqeTe pa3nsquoro po.u.a aurap:w:ousqecxsx DODpaaox x 
CBOiCTBa:W: o+ -ypOBHei He06XO.ZJ,B:W:O DpBHBMaT~ 3TH CBJIW 
BO BHBMaHBe. 

CaoiCTBa 0+-ypoauea CTaHOB.TC• KaK 6w "Dpo:we•y­
TOqHhiMB" Me)I(.ZJ.y CBOiCTBa:W:B Dapuwx kOJie6ausi B fs 
kOJie6ausi. Tax, DO cpaaueusJO c qftCThi:W:B f's -as6pa~·­
MB p

2
(EO) 3a:W:eTuo y:w:eu~maeTc•, a S(t,p)/S 0 B03pacTa­

eT, OTHocsTen~uo •e 3Haqeusi .u.n• Dapuwx Bs6pa~i aens­
qsua S (t,p )/S0 cnerxa y:w:eu~maeTc•. 0TuocsTen~uwe 
CDeKTpOCkODBqecxse ~kTOphl 6onee DJiaBHO MeH.IOTC. OT 
COCTO.HB• k COCTO.HBJO, qey B KapTBHe DapHWX KOJie6a-
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aaii. 3To npoacxo.U.HT a3- 3a noJIBneHaJI npaMeceii aeiiTpoH­
HWX KOMnOHeHT BO BCeX 0+ -cOCTOJIHHJIX /o 'leM roaopa­
nOCb 'IYTb Bwwe/. llepawii o+ -ypoBeHb B 6onbWBHCTBe 
a3y'laBWaXCJI cny'laeB noJIBnJieTCJI Ha>Ke 3HepreTa'leCKOH 
anena. 3Hepraa a npO'Iae XapaKTepaCTaKa ypOBHeii He 
npOJIBnJIIOT pe3KOH 'IYBCTBaTenbHOCTa K Bena'laHe KOHCTaHT 
fs -can. 

Ta6A. 2 .u.eMoHcTpapyeT pe3ynLTaTw pac'leToB 0 + -ao3-
6y>K.IJ.eHaii B .u.pyrax a3oTonax Zr a Mo. CTpyKTYPY co­
CTOJIHaii MW He npaao,!J.aM. lloMaMO 3Hepraii, Bena'laH S(t,p)/S O, 
S (p,t)/S O a p 2(E0), B •a6A. 2 noKa3aHW .u.nJI anntocTpa-

IJ.IIa TaK>Ke 3KcnepaMeHTanLHWe .u.aHHWe I 14 I /TaM, r.u.e oaa 
aMeiOTCJI/ a pe3ynbTaTbl pac'leTOB ,!J.nJI 'laCTbiX napHWX 
Ba6pauaii. Pac'leTw c rs -canaMa npoae.u.eHw ,!J.nJI K = 
= 70 M3B·fPM 5 , q = 3,5; HaKaKoii no.u.roHKa K 3KcnepaMeH­
TanbHWM .u.aHHWM He npoao.u.anocb. HaM Ka>KeTCJI, 'ITO 
Henocpe,li.CTBeHHOe cpaBHeHHe C 3KCnepaMeHTOM /a CBJI-
3aHHWH c 3TaM noacK onTHManLHWX 3Ha'leHaii K a q I 
Ha .u.aHHoii cTa.u.aa pa6oTw e.u.aa na aMeeT cMwcn. Cpe.u.a 
Ha6nto.u.aeMWX o+ -ypoBHeii B JI,ll.pax Zr a Mo eCTb .IJ.BYX­
l}x>HOHHWe o+ -ypoBHH /HanpHMep, oj - YPOBHH B 94 Mo H 
9 6 Mo /, caoiicTaa >Ke npo'lax MoryT 6wTb canbHO acKa­
>KeHW B~aaMO,!J.eHCTBHeM C KBa,ll.pynonbHWMa Kone6aHaJIMa. 
KpoMe Toro, MW oT6pocana p.11.u. 34MtleKTOB B o.u.HoclloHoHHOM 
MexaHa3Me reHepauaa 0 + -ao36y>K.IJ.eHaii, 'ITO HaaepH.IIKa 
a3MeHaT KonaqecTaeHHwe pe3ynLTaTw. TeM He MeHee .u.a>Ke 
npa 6ernoM B3rnJI.u.e Ha Ta6nauy BH.U.HO, 'ITO BKnto'leHHe 
fs -Kone6aHaii a3MeHJleT pe3ynbTaTW B CTOpOHY cornaca.11 

C 3KCnepHMeHTOM no cpaBHeHaiO C 'laCTWMa napHWMa 
aa6paua.11Ma. Oco6eHHO 3TO 3aMeTHO Ha npaMepe .R.IJ.pa 98 Mo. 
r.u.e a3BeCTHO 60nbWOe Kona'leCTBO 0 + -ypOBHeii. JaMeTHM 
TaK>Ke, 'ITO npa .u.eTanLHOM onacaHHH 3KcnepaMeHTa aw.6op 
napaMeTpoa raMHnbTOHaaHa Ha.u.o npoBO.IJ.HTb 6onee T~a­
TenbHO. 

4. 3aKAIO'IeHue 

Pe3ynLTaT aacTOJI~eii pa6oTw MW sa.u.aM npe>K.IJ.e acero 
B ,!J.OKa3aTenbCTBe TOrO cllaKTa, 'ITO OCTaTO'IHOe 'laCTa'IHO­
.U.WPO'IHOe Cs - B3aaMO,!J.eHCTBae, C~eCTBOBaHae KOTOporo 

14 

Henocpe.u.cTBeHHO BWTeKaeT a3 aa.u.a o6ono'le'IHOro noTeH­
IJ.IIana, npaBO,!J.BT K nOJIBneHaiO B ccllepa'leCKaX .ll,ll.pax canbHO 
KonneKTaaa3apoaaaHwx 0 +- cocTOJIHaii. CaoiicTaa 3Tax B03-
6y)K.IJ.eHaii, npe.u.cKa3aaawe B pa6oTel6< B u;enoM no.u.Tsep>K­
.u.eHw HacTOJI~Ma pac'leTaMH, B KOTopwx acnonb30BaJIHCb 
rs -canw B HecllaKTopa30BaHHOM aa.u.e. CnaH- op6aTanbHWe 
KOne6aHaJI CHnbHO aHTepcllepapytoT C napHWMa Ba6pao;aJIMa 
a, no- Ba,!J.aMOMY, He npO.IIBnJIIOTCJI 3KCnepaMeHTanbHO B 
"'laCTOM" Ba,!J.e. ~n.ll onacaHaJI peanbHOH CaTyaiJ.IIa B JI,ll.pe 
He06XO,!J.BMO y'leCTb OT6poweHHWe KOMBOHeHTW OCTaTO'IHWX 
can, a TaK>Ke CBJI3b C KBa.u.pynonbHWMa KOne6aHaJIMa. 

AaTopw 6naro.u.apHW C. T .1ien.11eay a li.A.PyMJIHo;eay 
3a MHOroqacneHHWe 06Cy>K,lJ.eHaJI, aBTOpbl npa3HaTenbHW 
TaK>Ke r .WynbUY 3a npe,!J.OCTaaneHae nporpa.MMW pac'leTa 
O,!J.HO'IaCTa'IHWX BOnHOBWX cllYHKUaii. 
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PyKonucb noc•ynuAa e u3oa•eAbcKuii o•oeA 
27 MaJI 1975 zooa. 

Y CJIOBH.H 06MeHa 
IIpenpHHThl H coo61l(eHHJI OHJIH pacChiJiaJOTCJI 6ecnnaTHo, Ha ocHose 

B3aHMHOrO 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, Jia6opaTOpHJIM, 
6H6JIHOTeKaM, Hay'IHhiM rpynnaM H OT.Z.eJibHhiM y'leHbiM 6onee 50 CTpaH. 

Mhl O:lKH.Z.aeM, 'ITO nony'laTeJIH H3.Z.aHHi OHJIH 6y.z.yT caMH npoJIB­
JIJITb HHH!lHaTHBY B 6ecnJiaTHOH nocbiJIKe ny6JIHKaUHH B )J;y6Hy. B nopJI.Z.Ke 
06MeHa npHHHMaJOTCJI Hay'I:Hhle KHHrH, :lKypHaJihl, npenpHHThl H HHOro 
BH.Z.a ny6JIHKaUHH no TeMaTHKe OHJIH. 

E.z.HHCTBeHHhli BH.Z. ny6JIHKa!lHi,KoTophli HaM npHChiJiaTb He cne.z.y­
eT ,- 3TO penpHHThl /OTTHCKH CTaTei, y:lKe ony6JIHKOBaHHhiX B Hay'IHhiX 
:lKypHanax/. 

B pJI.z.e CJiy'laeB Mbl CaMH o6pall(aeMCJI K JlOJiy'laTeJIJIM HaWHX HJ.z.a­
HHH C npOCb6oi 6ecnJiaTHO npHCJiaTb HaM KaKHe-JIH60 KHHrH HJIH 
BbiJIHCaTb .Z.JIJI Hawei 6H6JIHOTeKH Hay'I:Hble :lKypHaJibl, H3.Z.aJOII(HeCJI B HX 
cTpaHax. 

OT.n;eJibHble 3anpocbl 
H3.Z.aTeJibCKHH OT.Z.eJI e:lKerO.Z.HO BblnOJIHlleT OKOJIO 3 000 OT.Z.eJibHhiX 

Jarrpocos Ha BbiCbiJIKy npenpHHTOB H coo6meii:Hi OHJIH. B TaKHX Ja­
npocax cne.z.yeT o6ll3aTeJibHO yKa3hiBaTb HH.Z.eKc JanpawHsaeMoro 
H3.Z.aHHJI. 

A.n;peca 

IlHCbMa no seeM sonpocaM o6MeHa ny6JIHKaUHJIMH, a TaK:lKe Janpo-
Cbl Ha OT.Z.eJibHble HJ.Z.aHHJI cne.z.yeT HanpaBJIJITb no a.z.pecy: 

101000 MocKea, 
FAaeHblii no'l1!1aM111, n/.11 79. 
H3oa1!1ellbCKuii o111oe11 
06oeOUHeHHOZO UHC1/IU111Y111Q 
JIOepHbiX UCC/Ie006QHUU. 

A.z.pec .Z.Jill nochiJIKH scex ny6JIHKaUHi B nopJI.z.Ke o6MeHa, a TaK:lKe 
.Z.Jill 6ecnnaTHoi no.z.nHCKH Ha Hay'IHhle :lKypHaJihl: 

101000 MocKea, 
F11aeHblii no'IIIIQMIII, n/.11 79. 
Jlay'IHQ-IIIeXHU'IeCKQJI 6U611UOIIIeKa 
06oeOUHeHHOZO UHCIIIUIIIyllla 
JIOepHbiX UCC/IeooeaHUU. 


